Synthesis

General Information
EZ-Link Amine-PEG 3 -Biotin was purchased from Thermo Scientific. Silica gel for column chromatography was obtained from Selecto Scientific. All other chemicals were received from Sigma Aldrich and used without further purification. All reaction solvents were of anhydrous, reagent grade.
Thin layer chromatography was conducted on Merck TLC plates pre-coated with silica gel 60 F 254 .
Visualization of the developed plates was performed by fluorescence quenching or by ninhydrin, KMnO 4 , and phosphomolybdic acid (PMA) stain. 1 H NMR spectra were recorded on a Bruker (400 MHz) and were internally referenced to residual proton solvent signals (CD 3 OD) at δ 3.34 ppm ( 1 H). Data were reported as chemical shift (δ ppm) and multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, qn = quintet, m = multiplet, br = broad), integration, and coupling constant (J) in Hz. Mass spectra were acquired on a Finnigan LTQFT.
Synthesis
Synthesis of 1. 1-Pyrenebutyric acid N-hydroxysuccinimide ester (28 mg, 0.073 mmol) and EZ-link amine-PEG 3 -biotin (MW = 418.55) (25 mg, 0.060 mmol) were dissolved in anhydrous dichloromethane (1.2 mL). After stirring for 2 h at room temperature under N 2 , N,N′dicyclohexylcarbodiimide (14 mg, 0.068 mmol ) and 4-dimethylaminopyridine (9 mg, 0.074 mmol) were added to reactivate the hydrolyzed N-hydroxysuccinimide ester (-NHS) of 1-pyrenebutyric acid.
After 5 h of stirring, the crude reaction mixture was loaded directly onto a column of silica gel prepared with a 6:1:1 mixture of ethyl acetate (EtOAc): acetonitrile (MeCN): methanol (MeOH), followed by purification using flash column chromatography. The eluent was changed gradually to a 6:1:1:1 mixture of EtOAc: MeCN: H 2 O: MeOH. After drying under vacuum for 24 h, the product was obtained as a white solid (18 mg, yield 43 %). TLC (R f ) = 0.84 in an eluent mixture of 3:1:1:1 (EtOAc 
Synthesis of 2.
(±)-α-lipoic acid (15 mg, 0.073 mmol), N,N′-dicyclohexylcarbodiimide (16 mg, 0.078 mmol), and 4-dimethylaminopyridine (9 mg, 0.074 mmol) were dissolved in N,Ndimethylformamide (DMF) (800 μL). Then a solution of EZ-link amine-PEG 3 -biotin (23 mg, 0.055 mmol) prepared in dichloromethane (1 mL) was added. The reaction mixture was stirred for 24 h at room temperature under N 2 . After drying the reaction solvent mixture under reduced pressure on a rotatory evaporator, the crude product was purified by column chromatography using silica gel. Some remaining impurities were further removed by washing with acetone. A colorless, oily liquid was 
AC DEP protocol:
• 20 minutes sonication of SWNTs in DMF solution to redisperse SWNT bundles after storage S-4
• Apply AC frequency of 10 MHz at a bias voltage of 10 Vpp
• Put 5 µL droplet on interdigitated electrode (IDE) structure
• Allow deposition for 60 seconds.
• Thoroughly rinse with DMF and ethanol
• Bake on hotplate for 3 hours at 120°C To decorate SWNT FET devices with gold nanoparticles (Au-NP), bulk electrolysis was performed directly on the chip after AC DEP. For this purpose we used CH Instruments (Austin, TX, USA)
Fabrication of Au-NP decorated SWNT FETs
Electrochemical Analyzer in a three-electrode setup: A Ag/AgCl electrode (reference) and a platinum electrode (counter) were immersed in the liquid compartment of the device. Connected source and drain electrodes served as the working electrode. Potentials were applied between working and counter electrode with respect to Ag/AgCl.
Bulk dielectrophoresis protocol:
• Pre-deposition potential of 0.8 V for 30 seconds
• During pre-deposition, a 1 mM AuCl 3 in 0.1 M HCl was injected in the fluid chamber
• Deposition potential of -0.4 V was applied for x seconds for each transistor (x = 10, 20, 30, 40)
• SEM images were acquired using a Philips (Andover, MA, USA) XL30 FEG microscope at an accelerating voltage of 10 keV.
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3 Experimental Figure S2 . I D -V G characteristic of a typical device before (black) and after (red) functionalization with pyrene-biotin molecules.
Electrical Characterization and Functionalization Protocol
Directly after the device fabrication I D -V G curves were taken. After cooling the devices down to room temperature for a couple of minutes, the device was exposed to water for several minutes to equilibrate. Subsequently the measurements were conducted in DI water to avoid contamination of the clean SWNT surface with buffer and salt molecules before the biofunctionalization. After the first I D -V G measurement, the devices were placed on the hotplate again (T= 210°C), so that the remaining water was removed. Then 100 µl of pyrene-biotin (1) containing methanol (anhydrous) was deposited into the liquid compartment of the devices and sealed with Parafilm to prevent evaporation of the solvent. After incubation overnight, the liquid compartment was filled with methanol. During approximately two hours the solution was subsequently replaced with fresh methanol. Finally the methanol was exchanged with DI water and a transfer curve was taken. It is worth noting that we ensured that our devices did not dry-out after functionalization. Typical transfer characteristics before and after functionalization with pyrene-biotin are shown in Figure S2 .
Buffers
The range and thus the buffer dilution factor was chosen slightly lower than for standard CaptAvidin experiments (1/100 X, yielding molarities between 1.6 -2 mM). For the experiment in Figure 2 of the manuscript, a more dilute buffer was tested (1/266 X), leading to total molarities of ca. 0.8 -0.9 mM (< 1 mM). In Figure S3 transfer curves corresponding to Figure 1d of the main article are shown. Solid lines present measurements before CaptAvidin incubation and dashed lines show transfer characteristics S-7 after protein adhesion. The measurements were taken consecutively, starting from the lowest KCl concentration, with the same FET device. In total, four transfer curves were taken at every KCl concentration: one before CaptAvidin incubation, one after incubation, one after the pH 10 recovery step, and one after a second protein incubation. This procedure was repeated for five different KCl concentrations as depicted in the inset of Figure S3 , Further experiments to demonstrate the reversibility of the CaptAvidin-biotin binding via a pH 10 recovery step using pyrene-biotin functionalized SWNT FETs were conducted. Figure S4a shows transfer curves of repeated association and dissociation of CaptAvidin (140 nM) on the biotinylated FET. The corresponding drain currents (@ V G = -0.6 V) are shown in Figure S4b . Besides small fluctuations, a stable performance of the FET and a repeatable binding response can be seen. We want to note that those fluctuations do not necessarily arise due to malfunctioning of the sensors but more because of the fact that experiments were conducted manually, meaning no titration system or microfluidic setup was used. Hence, it is legitimate to assume that the robustness of our sensing S-8 devices, even without the use of automated setups, can pave the way towards easy-to-use, reusable immuno-assays. Figure S4c shows a CaptAvidin binding experiment with an equivalent, however, unfunctionalized sensor. Upon CaptAvidin binding, the overall current decreases and besides a threshold voltage shift also a slight tilt of the transfer curve was observed. After the pH 10 recovery procedure the I D -V G curve does not go back to its initial position unlike functionalized devices.
Further CaptAvidin Experiments
Additional Information on KCl Dependent Experiments
Further Experiments on Repeatability
Further Experiments on the CaptAvidin-Biotin pH-Dependency
In our article we did not perform experiments in which the sensor's response was monitored as a function of time. This is due to fact that SWNT sensors are extremely sensitive to changes of the electrolytic conditions such as pH and ionic strength of the buffer, which would result in parasitic signals in addition to the protein signal. However, we need to note that protein-ligand interactions are time dependent systems. Therefore, we performed several experiment to find suitable parameters for the "pH 10 recovery" and found, for example, that just rinsing the devices with a pH 10 buffer is not enough (data not shown). The protocol we developed was as follows: The device must be exposed to undiluted pH 10 buffer for 15 minutes. During these 15 minutes, it is advisable to exchange the solution several times with fresh buffer to ensure protein removal. If the protein is insufficiently removed, upon injection of pH 4 buffer rebinding to the sensor might occur. Figure S5 . (a) Transfer curves directly after protein incubation (140 nM for 15 minutes, red) and after 5 minutes exposure to pH 4 buffer (black). (b) Subsequently the same device was exposed to pH 7 buffer for 5 minutes (black). A threshold voltage shift towards more positive gate potentials was observed. (c) The threshold voltage shift after device exposure to pH 9 buffer for 5 minutes.
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It is also possible to monitor the pH-dependent dissociation behavior of CaptAvidin-biotin as demonstrated by Figure S5 : In this experiment, we incubated a device with CaptAvidin (140 nM) and conducted a transfer curve (red curve in Figure S5a ). Next, the device was exposed to a pH 4 buffer for 5 minutes, and after rinsing, another transfer curve was taken (black curve in Figure S5a ). No change in the transistor's characteristic was observed. However, when the same device was exposed to pH 7 ( Figure S5b) for 5 minutes, a threshold voltage shift toward more positive gate voltages can be observed, indicating a partial dissociation of CaptAvidin from the biotinylated SWNTs surface as depicted by the sketch. A slightly bigger threshold voltage shift was observed for pH 9 buffer ( Figure   S5d ). The data are normalized for better comparison. We observed an increase in device's maximum transconductance upon nanoparticle decoration as well as after functionalization. Corresponding data are shown in Figure S7 . We assume that the shift along the y-axis after particle deposition can partially be caused by the treatment-based doping of the device (hydrochloric acid exposure under applied bias). The transconductance change after metal particle decoration is already reported in the literature. S1
Zeta Potential Measurements
The surface-enhanced Raman spectra (SERS) on SWCNTs functionalized with GNPs, at different deposition times, were collected on a Renishaw inVia Raman microscope with an excitation laser wavelength of 633 nm at 50% maximum intensity and 10 s exposure time.
Stability of Functionalization
SWNT-FET protein sensors were stored in PBS buffer (pH 7.4). After more than two weeks of storage the sensors could be reused and gave stable protein signals while no degradation of the sensor was observed. In Figure S8 , the FET response upon incubation of 140 nM is shown at "day 0"
(squares) and 16 days later (spheres). The device gave almost identical response which demonstrates the stability of the sensor. Table S1 shows various FET-based protein sensors that are differently functionalized and operated in different kinds of modes along with their sensitivity. The performance of the sensor of this manuscript is comparable with the performance of previously demonstrated sensors. Yet, in this manuscript a new application is proposed, namely to use the SWNT-FET as a zeta potential analyzer. Additionally, due to the stability of the devices, CaptAvidin binding and unbinding experiments could have been performed, that benefited from the repeatability of measurements with the same device. 
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Comparison of Device with Other Sensors
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